A protease-producing bacterial strain, T , was isolated from the ocean sediment of Laizhou Bay, PR China and systematically studied. The bacterium was Gram-stain negative, non spore-forming rods, which were motile with two flagella. It was positive for oxidase, the hydrolysis of starch, agar and gelatin, and for nitrate reduction. It was negative for catalase, esterase and the degradation of CM-cellulose. Optimum growth was observed at 28 C, pH 6.5-7.0 and in the presence of 2-3 % (w/v) NaCl. Phylogenetic analysis of the 16S rRNA gene, and whole genome data, affiliated it to the genus Photobacterium. It was most closely related to Photobacterium jeanii R-40508 T (96.7 % 16S rRNA gene similarity). Strain 13-
Members of the genus Photobacterium, class Gammaproteobacteria, family Vibrionaceae, are Gram reaction negative, rod-shaped, motile with 1-3 polar flagella, facultatively anaerobic bacteria that require sodium for growth. At the time of writing, there are 27 species of the genus Photobacterium with validly published names (http://www. bacterio.net/photobacterium.html). These have been isolated from various marine environments, for example Photobacterium ganghwense from sea water [1] , Photobacterium lutimaris from sea sediment [2] , Photobacterium jeanii from corals and other marine animals [3] . Some of the species of the genus Photobacterium, such as Photobacterium angustum, Photobacterium aquimaris, Photobacterium damselae, Photobacterium kishitanii, Photobacterium leiognathi, Photobacterium mandapamensis and Photobacterium phosphoreum, are bioluminescent [4] . Here, we describe a protease-producing marine bacterium, strain T , as a representative of a novel species of the genus Photobacterium, based upon the results of a polyphasic approach. The name Photobacterium proteolyticum sp. nov. is proposed.
Strain 13-12 T was isolated from the ocean sediment at Laizhou Bay (119.950 E, 37.450 N) in the Bohai Sea of China, using a protocol for the isolation of protease-producing bacteria [5] . The ocean sediment was collected in September 2013 from a site [14. 4 m depth, sea water with a 2.85 % (w/v) salt concentration, pH 8.18 and oxygen dissolved at 7.8 mg l
À1
] by using a Peterson sediment sampler and the samples were immediately preserved at 4 C until they were used. For bacterial isolation, 1 g of sediment was diluted up to x10 6 with sterilized sea water, and aliquots of 100 µl of dilutions x10 2 -x10 6 were spread separately on plates with screening medium (w/v: 0.2 % yeast extract, 0.3 % casein, 0.5 % gelatin, 1.5 % agar powder, in artificial seawater) [5] . The plates were incubated at 25 C for 3-5 days. A total of 11 single colonies (isolates) with hydrolytic zones and different morphologies were selected and they were purified by repeatedly streaking on marine agar 2216E (w/v: yeast extract 0.25 %, peptone 0.5 %, agar powder 1.5 %, in sea water, pH 8.0) (Oxoid Ltd). The pure cultures were preserved in marine broth 2216E (w/v: yeast extract 0.25 %, peptone 0.5 %, in sea water, pH 8.0) (Oxoid Ltd), supplied with 20 % (v/v) glycerol at À80 C.
All the isolates firstly underwent a phylogenetic analysis of 16S rRNA genes to determine genus affiliation. The genomic DNA was extracted from each isolate by using a DNA extraction kit for bacteria (TIANGEN), according to the manufacturer's instructions, and the quality and concentration of DNA extracts were measured spectrophotometrically with a Nano Drop spectrophotometer. The 16S rRNA gene was amplified using a pair of universal primers, 27F/1492R, [6] and then sequenced bi-directionally by the commercial service of BGI Tech (Shenzhen, China). The quality of sequences were checked manually using BioEdit software version 7.0. Extraction of 16S rRNA gene sequences of type strains of species of the genus Photobacterium and their multiple alignments together with the sequences obtained in this study were performed by using the EzTaxon server (www.ezbiocloud.net/) [7] . As a result, strain 13-12 T was affiliated to the genus Photobacterium, and determined to be most closely related to the type strains P. jeanii R-40508 T (96.7 %), P. leiognathi NCIMB 2193 T (96.4 %) and Photobacterium sanctipauli A-394 T (96.3 %). Since these similarities were lower than the species threshold of 97 % [8] , strain T was subjected to further systematic study.
A nearly complete 16S rRNA gene sequence (1473 bp) of strain 13-12 T was obtained and deposited in the GenBank database under the accession number KT971138. Phylogenetic analysis was performed using three tree-making algorithms: neighbour-joining [9] , maximum-likelihood [10] and maximum-parsimony [11] . The phylogenetic trees were reconstructed by using the neighbour-joining method and the Kimura 2-parameter model in MEGA software version 6.0 [12] . The topology of the phylogenetic tree was evaluated by the bootstrap resampling method with 1000 replicates [13] . Since the topologies were similar in all the phylogenetic trees reconstructed with the three methods, only the neighbour-joining tree ( Fig. 1) is shown, in which strain T is in a branch in Photobacterium, but deeply separated from all species with validly published names.
Since strain T was most similar to the type strain of P. jeanii (96.7 %) in the phylogenetic analysis ( Fig. 1) , P. jeanii LMG 25436
T obtained from BCCM/LMG (Belgium) was used as a reference strain in order to compare it with 13-12 T in all the subsequent physiological, genomic and chemotaxonomic characterizations.
The colony morphology of strain T was examined on plates of 2216E agar after incubation for 36 h at 28 C. Cell size, morphology and motility were observed using light microscopy (Ci-L; Nikon) and transmission electron microscopy (TEM). T was rod-shaped with two flagella. Gliding motility was not observed with the method of Perry [14] and Bowman [15] . Gram-stain tests and hydrolysis of agar, starch, gelatin and alginate were carried out according to the Smibert and Krieg methods [16] . The range of temperatures for growth were tested for strain T in 2216E broth cultured at various temperatures between 4 C and 45 C for 2-14 days. The range of pH values for growth was investigated in 2216E broth at pH 5.5 to 10.0. The pH was adjusted by adding MES (pH 5.5 and 6.0), PIPES (pH 6.5 and 7.0), HEPES (pH 7.5 and 8.0), Tricine (pH 8.5) and CAPSO (pH 9.0, 9.5 and 10.0) buffers, respectively, at a final concentration of 20 mM . Growth at different concentrations of NaCl was tested using 2216E agar as the basal medium, with the modification of replacing the seawater with artificial seawater (g l À1 : MgSO 4 3.2, MgCl 2 2.2, CaCl 2 1.2, KCl 0.7, NaHCO 3 0.2) and supplied with 0-10 % (w/v, at 1 % intervals) of NaCl. The inoculated plates were incubated at 28 C for 2-14 days. Acid production from carbohydrates was examined by using API 50CHB fermentation kits (bioM erieux). Utilization of carbohydrates, alcohols, organic acids, amino acids and nucleosides as sole carbon sources was checked with Biolog GEN III microplates under aerobic conditions. Constitutive enzyme activities were assayed with API ZYM kits (bioM erieux). Additional physiological and biochemical parameters were assessed with API 20E and API 20NE kits (bioM erieux). All the API tests were performed according to the manufacturer's instructions, except that the inoculum was prepared by suspending the cells in 3 % (w/v) NaCl solution. The results of API and Biolog tests are listed in Tables S1 and  S2 (available in the online Supplementary Material).
Anaerobic growth was tested on 2216E agar with or without 0.1 % (w/v) NaNO 3 in an anaerobic jar at 28 C for 2 weeks. Oxidase activity was detected by using an oxidase reagent (bioM erieux). Catalase activity was evaluated by the production of oxygen after application of 3 % (v/v) hydrogen peroxide solution. Antibiotic susceptibility tests were carried out on 2216E agar using the Kirby-Bauer disc diffusion method, as described by the Clinical and Laboratory Standards Institute [17, 18] . A cell suspension (McFarland standard 0.5) was swabbed over the surface of 2216E plates to create a uniform lawn before the aseptic placement of antibiotic discs onto the agar surface. The occurrence of a clear ring (inhibition zone) around the disc was indicative of a susceptive reaction, and the absence of this ring demonstrated resistance after incubation at 28 C for one week. Detailed morphological and physiological properties of strain T are given in the species description. The strain could be distinguished from the reference strain P. jeanii R-40508 T due to a series of morphological and physiological properties (Table 1) , especially the production of indole, which was only found in strain T .
To evaluate protease activities, the ability to hydrolyze casein, elastin, and gelatin was determined in basic medium (w/v: 0.2 % yeast extract, 0.5 % gelatin, 1.5 % agar powder and seawater, pH 8.0) with 0.5 % (w/v) of each of the substrates added. Strain 13-12 T was streaked on the plates containing the different substrates, and incubated at 25 C for 4 days. Then the colony diameters and the diameter of the hydrolytic zone around the colony were measured. The H:C ratio (diameter of hydrolytic zone:diameter of colony) was calculated. The enzyme activity for casein degradation was measured, as previously described, and one unit of enzyme activity was defined as the amount of enzyme that catalyzed the degradation of 1 µg tyrosine per minute [5, 19] . To analyze the effects of inhibitors on protease activity, strain T was grown in liquid screening medium at 25 C under shaking conditions (200 r.p.m., 2 days). Then the supernatant was prepared by centrifugation and the inhibition ratios of protease inhibitors were measured as previously described [5, 19] , including 1.0 mM phenylmethylsulfonyl fluoride (PMSF; Sigma), 1.0 mM 1,10-phenanthroline (OP; Sigma), 0.1 mM E-64 (Merk), and 0.1 mM pepstatin A (Merk). Strain 13-12 T had stronger hydrolytic activity with respect to casein and gelatin, with H:C values of 3.0 and 3.2, respectively, but no elastinolytic activity. The protease activity for casein degradation was 53.92 U mg
. The inhibition absence of OP, E-64 and pepstatin A and 60 % of inhibition by PMSF demonstrated that strain T produced serine protease. In order to determine the major menaquinones, polar lipids and cellular fatty acids, strain 13-12 T and reference strain P. jeanii LMG 25436 T were incubated in 2216E broth with shaking (160 r.p.m.) at 28 C for 60 h. Cells were harvested by centrifugation and freeze-dried. Respiratory quinones were extracted according to the method described by Collins [20] and analyzed by HPLC [20, 21] . Polar lipids were examined by the two-dimensional TLC methods [22] . Cellular fatty acids were extracted, methylated and analyzed by using the Microbial Identification System (MIDI) [23] .
The major menaquinone of strain T is ubiquinone-8 (Q-8), while its major cellular fatty acids were summed feature 3 (comprising C16 : 1!7c and/or iso-C15 : 0 2-OH), C16 : 0 and C18 : 1!5c, similar to those of the other species of the genus Photobacterium [2] , although there were some differences in the relative proportions of some components (Table S3 ). The polar lipids are phosphatidylethanolamine, phosphoaminolipid and phospholipid (Fig. S1 ).
To assess the genomic relatedness of strain T and closely related strains of species of the genus Photobacterium, whole genomes of strain T (MJIL00000000) and P. jeanii LMG 25436 T (LVHF00000000) were sequenced in this study by SinoGenoMax (Beijing, China). Libraries of 300-400 bp were used for 151 bp paired-end sequencing of genomes using Illumina sequencing technology on a MiSeq. The sequences were assembled to contigs (>200 bp) using the SOAP denovo 2.0, and gap filling was performed by using GapCloser 1.05 [24] . The genomes of P. leiognathi (BACE01), P. sanctipauli (JGVO01), P. galatheae S2753 T (JIMB01) and P. aquimaris (LNQZ01) were taken from the GenBank database. The relationship between strain T and other type strains of species of the genus Photobacterium was also evaluated through multi-locus sequence analysis (MLSA) [25] (Fig. 2) . The MLSA was performed by using 4 gene sequences (ftsZ, gapA, gyrB and topA) and all the gene sequences of strain 13-12 T were extracted from these genome sequences [26] . The Average Nucleotide Identity (ANI) values among strain T and closely related reference strains were calculated using JSpecies software [27] [28] [29] . The DNA-DNA relatedness values between strain 13-12 T and closely related strains was estimated by comparing their genome sequences using the Genome-to-Genome Distance Calculator 2.0 tool (GGDC 2.0) (http://ggdc.dsmz.de/ distcalc2.php) [30] . In MLSA, strain T showed the highest similarity (86.1 %) with 'P. marinum' AK15 T . The ANI values between strain T and the most closely related species were less than 75.22 % (Table S4) , clearly lower than the suggested threshold of 95 % for species delineation [27] and all the values of DNA-DNA relatedness were less than 18.5 % (Table S4) , much lower than the species limit (70 %). The G+C content of strain T was 47.9 mol%. Genes in the acquired genomes were predicted by using Glimmer software version 3.0 [31] . And genes encoding tRNA and rRNA were predicted by using the softwares of tRNAscan-SE and RNAmmer [3] . Data presented for 13-12 T and P. jeanii R-40508 T were derived from the present study and data for other strains were from other authors, as indicated. +, Positive; À, negative; w, weakly positive; ND, no data available. Acid phosphatase [32, 33] . A total of 5806 coding genes were detected from the genome of strain 13-12 T , which contained four rRNA genes, and 109 tRNA genes.
DESCRIPTION OF PHOTOBACTERIUM PROTEOLYTICUM SP. NOV.
Photobacterium proteolyticum (pro.te.o.ly¢ti.cum. N. L. neut. adj. proteolyticum proteolytic).
Colonies on 2226E plates are round, convex, smooth, yellow and approximately 1.5-2.0 mm in diameter after 36 h incubation at 28 C. Cells are motile rods with peritrichous flagella, Gram-stain negative, non-endospore forming, nongliding and facultatively anaerobic, 2.0-2.5 µm long and 1.0-2.0 µm wide after 1 day at 28 C on 2216E plates. Grows at 4-45 C, pH 6.0-9.5 and 1-7 % (w/v) NaCl with optimum growth occurring at 28 C, pH 6.5-7.0 and 2-3 % (w/v) NaCl. Starch, agar and gelatin hydrolysis, oxidase and nitrate reduction are positive, and catalase, CM-cellulose and esterase are negative. Indole production is positive, while b-galactosidase, the Voges-Proskauer assay and gelatinase are all negative. Acid is produced from the utilization of cellobiose, but not from D-galactose, D-mannitol, melibiose and inulin. Leucine arylamidase, alkaline phosphatase, acid phosphatase, esterase (C4) and esterase lipase (C8) are weakly positive, but b-fucosidase is negative in API ZYM. In Biolog GEN III, the following compounds are used as carbon or energy sources: N-acetyl-b-D-mannosamine, N-acetyl neuraminic acid, myo-inositol, D-serine, Dgalacturonic acid, D-lactic acid methyl ester, g-aminobutyric acid, b-hydroxy-D, L-butyric acid and citric acid, but gentiobiose, D-galactose, melibiose, raffinose, gelatin, bromo-succinic acid, formic acid, D-saccharic acid and sodium lactate are not used. The major menaquinone is Q-8. The polar lipids are phosphatidylethanolamine, phosphoaminolipid and phospholipid. The major cellular fatty acids are summed feature 3 (comprising C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 16 : 0 and C 18 : !5c. Sensitive to cefotaxime sodium, ceftriaxone, chloramphenicol, erythromycin, kanamycin, latamoxef, nalidixic acid, neomycin, ofloxacin, penicillin, rifampin, streptomycin, tobramycin, trimethoprim and gentamycin, but resistant to acetylspiramycin, lincomycin, tetracycline and vancomycin. Produces serine protease.
The type strain, T (=KCTC 42764T=CGMCC 1.14970) was isolated from ocean sediment from Laizhou Bay, Bohai Sea, PR China.The genomic DNA G+C content of the type strain is 47.9 mol%. 
